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Covering Plan of Proposed Deve lopment 
BOSQUE DEL APACHE MIGRATORY WATERFOWL REFUGE 
Socorro County, New Mexico. 
by 
L. M. Winsor 


6-25-56 


INTRODUCTORY 


The Bosque del Apache Grant, a Spanish Land Grant comprising approx- 
imately 53,000 acres and located about 15 miles south of Socorro, New Mexico, 
is the land proposed for inclusion in the Bosque del Apache Migratory Water- 
fowl Refuge. It has never been subdivided except for a small acreage in 
the southeast corner. The Bureau of Biological Survey of the United States 
Department of Agriculture proposes to acquire the entire grant and convert 
it into a Federal refuge, primarily for waterfowl. This report is limited 
to a consideration of the waterfowl phase of the proposed project. and in- 
cludes a complete discussion of the plan of development. 


Location and Extent of Waterfowl Area 

The part to be developed for waterfowl will lie within the river 
valley and will extend from the north to the south boundary of the Grant. 
The tract is bisected from north to south by the Rio Grande, which varies 
in width from a maximum of 2,000 feet to a minimum of 400 feet. The 
western half of the tract also is bisected from north to south by the 
Santa Fe Railroad and U. S. Highway No. 85. 


The proposed migratory waterfowl refuge includes an area of 14,060 
acres divided as follows: 
AL West of U. S. Highway No. 85 and west of 

the Santa Fe Railroad right-of-way: - 

(A) Between north line of Grant and 


Railroad Mile Post 999 Ee a re a rae 1460 acres 
(B) Between south line of Grant and 
Ronee: Nile = Posh OO atta ee see « sata) wNapemerais 40 acres 
2. Lands within right-of-way, Highway No. 85 ...esewssees 90 acres 
ta Lands within right-of-way, Santa Fe Railroad .......... 120 acres 
4. Bast of Railroad and west’ of Rio Grande Pee een cee - 6140 acres 
oO. lands assigned to Middle Rio Grande Con- . 
servancy District within'Grant* .......... eve haere 210 acres 


6.d0uRiver Wed within present parks! oS oc. Pech thee. ek sian 
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im Kast of Rio Grande:- 

(A) Smallunarcéls..in north. extiemiti. jeans make sos. (B00, Acres 
(B) Large area of Bosque (optionéd) «....s..s.ceee- Slo acres 
(C) Private satdivisLonsanc hiss. utobten vie aero eres 


Total river Bottom lands within Grant Cee a eee 14,060 acres 


It is proposed to exclude from:consideration the small tracts of 
land lying to the south on the west side of the river and to the north 
on the east side of the river; likewise the 210 acres which were assigned 
to the Middle Rio Grande Conservancy District, also the river-bed area: 
and confine the development to the 7,600 acre tract on the west side of 
the river and the 2,620 acre block on the east side, both of which lie 
in a more or less compacted form. The strip to be allotted to the river- 
bed will be greatly widened thus reducing the net area of the refuge still 
further. (See detailed summary in Supplement to this report.) 


‘General Conditions in Refuge Arce 


The natural surface of the land in both of the tracts where develop- 
ment is to be concentréted is ideal for the purpose intended, except for 
the presence of an excessive amount of timber. The topography is extreme- 
ly irregular, but this is an advantage since the neturel lowlands cén, be 
devoted exclusively to impounding water and producing aquatic foods for 
waterfowl, and the naturel highlends can be reserved ss nesting grounds 
and for the production of grains end other foods for. reservs -ntime.or: 
shortege during the winter months. Although the records indicate freez- 
ing weather et verious times, continued spells of extremely low tempera- 
tures «re unknown in this region. Weter coming from the-deep drains .. 
will never freeze over, even in the coldest weather, and a relatively 
large area of open water will be maintained in the ponds during the lete 
fall, winter, and esrly spring when the evaporation rate is-low. Tra Gis 
water acreage combined with the extensive acreage of upland foods will 
make of the Bosque del Apache « very attractive wintering ground for 
migratory weterfowl. 


Proposed Plen of Development 

A tentative plen of development for the area has been worked out. 
This plen is subject to such minor modifications in design or location as 
may be found necessary when final plens for the works are made prior to 
construction. The following improvements are plenned: 

1. To construct levees elong the river banks in DEORE position 
to keep river floods out of: ane area. 


2. To provide protection for the levees against scour and ‘to 
provide means for eesily and autometically building up the levees in the: 
future to keep pace bisnat TiS? .0T, Puyo ROMs 


3. To excaveté a’ system' of align ditches within the ares in: such’ 
& ménner as to bring ground weter into the lower portions. 


af / A. To take edventege of the spoil from drrin ditch excavation to 
build a system of interior dikes which will subdivide the area into a 
series of pools, marshes, end agriculture] lend. 


9: To clear trees and brush from the portions of refuge which it 
is proposed to cover with water or to cultivate. 


6.-. To provide « system of gctes in the. verious dikes for controll- 
ing water levels end for dreining the units os desired. 


©, i . ~ . . . 
oe LOVprovide pates,’ culverts end cancels for use in diverting.a 
certain emount of weter from the Rio Grande River to the area for agricul- 
turel purposes. Weter filings are being acquired with the property. 


Heke bOn Or HLS (Grande (River to Refuge 

A careful study of surface conditions reveals the fact thet the 
river-bed is higher than the surface of the land on cither side. In many 
cases it is'4 feet higher then the main body of the land on e line perpen- 
dicular to the -axis -of the river. Records indicate that the bed of the 
river is steadily rising, although it has an average gradient of more than 
A Teet “per mile. These statements ere verified by accompanying maps end 
profiles. 

One of the greatest hazards to the future of the proposed refuge is 
the danger of overflow from the meandering river during times of high 
water and of torrential flood. As a safeguard against such a hazard, it 
is proposed to allocate & strip of lend at least 2,000 feet wide to the 
meanderings of the river and to build « high levee on either side as a 
protection against overflow. The levees ere to be protected by jetties 
of rock, bound in heavy combination wire and by «a fence of living black 
willows running parallel to the river and situated between the river and 
the Devee. It is also proposed to deposit a heavy embankment of silt 
between the protecting fence end the levee and to encourege & dense growth 
of black willows on the strips of new land between the border fences end 
the levees. 


Most of the aree which it is proposed to develop is already subject 
to Tlooding by the river, and if left to the netural course of events it 
is safe to predict thet the river would occupy, at some time or another 
within the next 10 years, the majority of the lends where development is 
proposed. Other isolated tracts such «s the small coves whieh are being 
excluded would be flooded by stagnant pools of seepage water such es those 
which now exist within the town limits of Sen Marcial. (See series of 
accompanying photogrephs,) In this event it is estimated that the area 
of open water together with that which would produce plant growth that 
transpires an excessive amount of water would exceed the area which it is 
now proposed to maintain as open water and in useful aquatic growth. If 
the river were allowed to run wild as it is doing throughout most of its 
course from the Bosque del Apache to the upper reaches of the Elephant 
Butte reservoir, the area of wet and swampy land on either side would grow 
up very quickly to cat-tails and other aquatic and marsh weeds which are 
extravagant users of water and are worthless as food for waterfowl. 


= a 4, . ve 
Under such conditions the water areas would be clogged by these marsh 
weeds with a corresponding reduction of open water or water which might 
be devoted to the production of food plants. Through the planned 
program of refuge management the aquatic plants grown will be kinds 
which use, much less water, produce food and nesting cover for the ducks, 
and do not fill the ditches and ponds. It is evident that the uncon- 
trolled meandering of the river would result in greater instability of 
water surface and would develop large areas of marsh which would have no 
drainage outlet to the river because of the fact that the river has the 
habit of building its stream-bed to a higher elevation than the adjacent 
lands, particularly if they are somewhat removed from the natural course 
of the stream. In short, it is concluded that a properly developed plan 
for handling the Bosque del Apache project may result in a saving to the 
river in total water consumption rather than in an increased use as has 
been suggested by some of the users located on the Rio Grande below the 
Elephent Butte reservoir. 


The agriculturél lands will be drained and the water thus recovered 
will be. concentrated over a limited area of naturel lowland. The surplus 
will be returned to the river. Likewise the surplus water from irriga- 
tion of agriculturel crops will find its way into the lowlands, thence into 
the river. 


Water Rights Attached to Property 


It is proposed to devote et least one half of the lends within the 
bounderies of development to the production of agriculturel crops and other 
vegetation of value as food ana cover for waterfowl. Some of these crops 
Will require & reasonable supply of irrigation water. Provision has been 
made for taking care of these requirements by making proof on a water filing 
which is being acquired with the property, end which is one of the most 
important considerations in the transaction. This filing for diversion 
from & point on the Rio Grande near the west end of the highway bridge at 
Sen Antonio calls for 97 cubic feet of water per second or such portion 
thereof as may be used beneficially for the irrigetion of agricultural 
crops, including netive grasses and similar vegetction of value for pasture, 
hey, or cover for game during the nesting season. Weter filing No. 3 
for 286 cubic feet per second is also in good standing on the State Engi- 
neer's books, and is intended for the irrigation of bench lands within the 
Grent. These lands will be developed for the production of food and cover 
for upland game on the bench lends lying beck from the river velley, and 
Will also be & valuable addition to the feeding grounds for migratory 
weterfowl. The irrigetion of these bench lends will also supply some 
seepege water to the lower lying pert of the refuge. 


Weter Filing 


In meking proof of the weter filing it is proposed to include the 
lends on both sides of the river which are nceturelly adaptable to the 
production of egriculturel crops. A statement to this effect is being 
filed with the State Engineer at Sente Fe, designating the areas which 
it is proposed to include in the proof of completion of works end the 
proof of beneficial use, with the request that permission be granted for 
making the proofs eas indicated. 
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Another request is being filed with the State Enginecr for the 
privilege of changing the point of diversion.’:,.. It is proposed to ob- 
tein the water for irrigetion of the sgricultural aree from the Con- 
sernvency District's isteresl which enters the tract neer the: northwest 
corner of the Refuge just ecst of the reilroéd, rether: than from the 
point indiceted in the originel filing at the. head: of:the Elmendorf 


canal.. .. It is also proposed to obtein a supplemental supply of irri- 
gation: water from the Conservancy District's drein, which: enters the 
project « short distance east of the ila tion. Jtaterelycheine off i= 


cers of the Conservency District have cpproved this procedure with 

the proviso that the District be given credit by the Tri-State Compact 
Commission for the volume of weter delivered to the intekes of the 
Refuge canals. 


Status of Water Filings 


The right is claimed to make proof of beneficisl use under 
weter filing No. 2 for 97 cubic feet per second,or such portion of that 
emount as may be required for the economic irrigation of the units 
designeted as agricultural lend, by virtue of the fact that the filing 
1s,one of the first. of record on the State Engineer's books, and it 
antedates by 20 days a similer filing recorded by the Bureau of Recla- 
metion.for the: storege of water in the Elephent Butte Reservoir. A 
Similar right is cleimed to meke proof on Filing No. 5.for 286 cubic 
feet per second which was made at the same time as Filing No. 2. Under 
this filing it is proposed to divert a volume of 286 cubic feet per 
second for the, irrigation, of. 20,000. acres of land on the east side of 
the river, including the bench lends south of the north boundary of 
Bosque del Apeche Grant. The trensection of lend acquirement carries 
with it the right to the amount of water under this filing which can 
be.put sto beneficiel use. If permission is grented for making proof, 
the major part of the water would be used on the higher ground since 
Piling No. 2.will take care of the egricultural ilends which it is pro- 
posed to develop on both sides of the river under the plens as outlined. 
The value of these filings was one of the chicf considerations in the 
negotiations leading to the purchese of the Bosque del Apache Grent. 
Without this weter which is necessery for the production of winter food 
for ducks, the project would heve very little value es & migratory water- 
fowl refuge and would not warrant the expense incidental to its develop- 
ment. 


It is believed that the Elephent Butte Reservoir his contributed 
to the river hazard with which the project is confronted by causing an 
unnatural rate of increese in the elevation of the river bed. This calls 
for an outley for the protection of the refuge lends to be developed 
which in itself is more than the project would be worth without the lerge 
acreage of food crops which cxn be grown on the protected egriculturrl 
lends under en adequate system of irrigetion. »..In»this connection it is 
elso maintcined that the weter-right claimed takes! precedence over the 
new development in the Middle Rio Grende Conservancy District; and thet 
the right.is secondary only to the ancient systems of irrigstion which 
heve been in operetion for many centuries et Islette, Socorro, and other 
native settlements along tne river. 


‘ 
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Water Losses Reduced by Clearing Trees © 


The plan of development calls' for’ en extensive progrim of timber 
cleering by which the willows and cottonwoods will be removed from the 
grect majority of the erea to be improved. These ere extravagant users 
of water; therefore, -this clearing will result in a material saving. 
since willows and cottonwoods occupy more than ¢ majority of the lands at 
present. The willows removed in clearing this lend will be fully uti- 
lized in constructing the woven willow fences slong the river banks to 
aid in preventing further ‘erosion. 


Water for the Flooded Areas to be Developed by Drsinege 

Plans have been made to supply weter to the proposed ponds and 
marshes in the low-lying portions of the refuge by excavaeting.a series. 
of drain ditches. It is difficult to estimate the amount of water ~ 
which can be developed by such ditches but similar drains .have yielded 
water in other areas neerby. On the Middle Rio Grende Conservancy 
District it is estimeted that the dreins pick up &s much as 2 cubic feet 
per second per mile where the drain is 4 fevt or more in depth. Under 
the plan of development contemplated the drzins will be at leest 6 feet 


deep and will averege more then 7 feet in depth. lt is intended to dig 
the dreins as deep es possible within prescribed limits of economy, in 
order to evoid excessive future maintenence costs. If the drains are 


left shallow they willclegvery quickly by the naturel inflow of send 
mixed with the ineviteble growth of cat-teils and other undesirable plants. 
On the other hend if they are dug deep enough so that they will carry at 
least 4 feet of water, the growth of cat-teils will be retarded and the 
inflow of send will be reduced. The side slopes will tend toward 
stabilizetion by virtue of the fact thet the water levels in the drains 
will remain more constant then would be possible where the depth is more 
shellow. 


It is observed that shallow dreins develop cross currents, which 
set up erosion in the side banks while the velocity in deep drains is . 
imperceptible. This eliminctes the tendency toward cross currents 
and side erosion. 


This type of development hes the added adventege of providing open 
water for the biftds during freezing weether end of meking en ideal hab- 
it-t for the severél species of ducks which will remein to nest during 
the sunmer months. Meny ducks which would otherwise journey farther 
north will be induced to breed within the Refuge. 


Units of Project to be Surrounded by Border Dikes or Levees 


The plen of development es outlined calls for « dike of moderate 


proportions around each unit of the project. “In most cases the height 
of the embenkment will be such as to provide = means by which the units 
can be flooded. This will mke it possible first of cll to cover the 


egriculturel lands with weter during the winter months when losses from 
eveporation ere small. The deeper soils may be moistened to such en 


a” : San ee 


extent that they will produce ea crop: without further irrigntion or at most 
they will require not to exceed one edditionel*irrigstion before maturity. 
This method of operction is conducive to the, minimum loss cf irrigstion 


“wetas by eveporrtion and the meximum production per unit volume of weter 
applied. 


The borders around:the individuel units have a morse importent use 
than .the' one mentioned. As has been stated earlier in this report, 
there is a. strong tendency for water-covered arezs to develop en exces- 
Sive growth of ¢et-tcils snd other marsh weeds which ere detrimentel not 
only beceuse of their extrévagcnt use of moisture but also because they 
limit the amount of open water end reduce the area where beneficial duck 
foods msy grow. In order to control this situetion a means. of complete- 
ly draining any or all of the units of the project is being provided for 
the purpose of killing cat-tsils end other objectioneble mersh weeds. 

To complete the elimination of undesirable plents, the units which have 
been drained can-be kept dry for a period of from one to two seasons. 
Because of these needs, the plen provides for © rotetion of the water- 
covered units.or ponded areas from time to time. In this way certain 
units which ere norm:.lly devoted to the production of egriculturel crops 
may be held under weter or-partly under water for-c period of from one 
to three. years, during which time. a portion of the lands thus flooded 
my be seeded to crops which grow under water or which require a high 
water table. The entire project mey thus be kept well within control 
so fer as operetion is concerned, end with an adequate operating equip- 
ment it my be handled by ¢« relatively sml1l perscnnel. 


Clearing Trees and Brush 

The dikes.or borders eround each unit have, still another use. 
Before these units cen be planted to agriculture] crops the timbered 
areas must be cleared. The cost of clearing by the ordinary method 
with ex and grubbing hoe or even with tractor and chain would be prohibi- 
tive except where the timber is very thin. If the brush ana timber sre 
very thick, the incdividuel trees or shrubs ere relatively small in dicm- 
eter. By holding water over the surface of these areas the growth mey 
be killed, .except..where it is principally willow; in such cases it wilt 
be necessery tc resort. to cutting end to fire. There ere, however, 
meny acres which cre. covered by tornillc; these ere killed very readily 
by: standing weter end will rot at the ground line very quickly after the 
weter is removed. In this condition: the»process of clearing is rela- 
tively simple. 


— mle 


Equalizing Reservoirs end De-silting Basins 


; ‘ If these roquests are granted «nd the plen is approvec, it is 
intendec thet units 3, 4, and 6 shell be used as cqualizing reservoirs 


end de-silting basins for the silt laden stream. These units will 
not cerry weter continuously but will be used for over-night storege 
end to equclize the fluctueting stream, which is the only type of 
delivery that. can be expected on the lower end of « long canal. This 
methed of operation will provide < means for utilizing 2 limited weter 
supply to the very best possible adventage with « minimum of waste. 
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Water Control Structures and Dikes 


The’ plens tell for ¢ ies a set of control gates and culverts 
for herdling the wéter in the dreinage system es well as in the irri- 
gée.tion system. 


Where it is necessary to carry irrigation water accross én open 
drain; it is*planned:to instell a:culvert in the drein lerge enough 
~to carry the maximum flow. In this way the irrigetion canal or leteral 
cen pass directly over the dréin without interfering with its operetion. 


It my be observed by studying the accompenying plens thet in 
many cases embenkments cre carried on both sides of the open drains. 
This is to prevent irrigation weter from entering the drain and to 
enable it to function at such times as the adjacent units may be tempo- 
rerily flooded. This «vill prevent the drains from filling with sand 
cerried in by benk storege resulting from a fluctuating water level with- 
in thé drain. In a few cases dikes or embenkments ere not provided on 
one side of an open drain. In these instances the side slopes of the 
drain are made -very flet end the outlet from the unit is purposely 
limited in size so thet the weter surface from eny ponded area which 


inundates en open drain mey not be lowered tod quickly. This will 
prevent the rapid inflow from bank storege end will likewise reduce the 
amount of send which will be carried into the open drain. It is not 


intended that these units shell be filled and emptied again at very 
frequent intervels. . 


River levee: Protection, Mcintencnce and Future Ena irgement 

Mention has been mede of the desirability of holding the river 
within the prescribed limits The plens as outlined above provide 
for the building of levees, cross jetties, end merginel fences. Tris 
subject is of sufficient importence of justify amplificetion. 


There is unquestionable procf that the river bed is rapidly 
rising. it,is 9 feet higher eat the San Mercial bridge tnen itewes 
before the reservoir-was built. It is desirable therefore that the 
plans provide a simple and economical method of keeping pace with the 
river by building the levee and other protection works to higher cleva- 
tions more rapidly then the river-bed is reised by the annuel deposit 


of ssPlt. In order to do this it is contemplated that the fence to 
be built elong the bank of the river on either side, parallel to the 
levee will be raised from decade to decade. In order to raise the 


embankment between the .sillow fence end the levee a portion of the river 
will be turned from its course during the sprirg months when it is 
heavily leden with silt, anc will be forced to flew between the fences 
and the levees. As the debris-leden stresms filter through the bleck 
willow growth on either side they will drcp their locds of silt with a 
corresponding rise in the elevetions of the river benks. 


When the soil surface between the fence and the levee hes been 
reised to & level 2 or 3 fect lower than the top of the levee, then 
it is plenned that an inner line of fence will be built about 50 fect 
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closer to the river than ths levee and thet the silt will be deposited 
between the two lines of PORE Gs _ This will build the embankments to 


till higher levels -yeer efter year. The space between the inner 
fence and the levee will serve *s & surfece drainages ditch to ctrry the 
water which seeps through the inner fence. It will then follow along 


the levee to where. it. can be returned to the river at the lower end of 
the project. 


In building the fences referred to it is intended thet the posts 
hell be of black willow cf varying sizes between 2 «nd 6 inches in dism- 
eter end from 6 feet. to 8 feet long; that they shall be driven into the 
wet send the same day.that. they are cut; and. that the fencing shall ‘be 
done in early spring so that the posts aie teke root and grow. It is 
further intended thet. the posts shell be set about 3 feet apert and that 
they shell be connected by weaving small willow tops back end forth from 
one post to the next in such a way as to make © continuous met of woven 
willows. . It is believed that this type of construction will serve as 
& protection against the meanderings of the river throughout the years to 
come. Lb WS not jimpcssibles that certain: portions, of the fence’ may’ Tails 
for sexemple,.if the silt line is built to 2 certain height and stands at 
thet .particuler level for a year or more, there will be a tendeney for 
the willows to rot at the ground line; but this will be the exception 
rather than the rule. since the tendency cf the river-bed is upward and 
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those parts of the fence which are buried will lest indefinitely. As 
ea further sefeguard the bleck willow posts will grow until they become 
a solid mat of trees with their roots well under the water line. As 


the river-bed rises, new roots will be developed higher up clong the 
trunks of the trees, thus providing fcr a continuetion of thrifty growth. 


It is proposed to control the flow inte the strips between fence 
and dike by building temporery diversion dems across a portion of the 
river-bed with the wing extending fer enough to cetch the volume of water 
desired. At the inteke it is proposed to build a bulkhead and admit the 
water through a submerged orifice, the same to serve as a safeguard 
cgainst ean excessive inflow from the fluctueting high water stream. There 
is no limit to the height, to which such - levee or embankment mey be built 
with safety, provided the strip between the fence lines is mede correspona- 
ingly broad. By..studying the accompanying maps it will be cbserved that 
2 spece of 400 feet in width is provided for this purpose. It will ae 
be observed that the distance between the marginal embankments which ar 
left for the river.is five times the width of the minimum section sere 
the river now occupies. This enlerged cross-secticnal area is provided 
as a double safeguard, cecinst the possibility of failure at times of 
excessive flood. 


There are certain limited sections where the river ive ait cuts in 
Very \elosestouthekevee line. At these points it may be necessary to take 
additional precaution acainst fcilure due to the cbaiansiilens stream. Where 
it is considered to be necessery to strengthen the marginal fence line, 
protective works suited tu the existing ccnditions will be constructed which 
will serve sither as e protection while the willow posts are becoming firm- 
ly established end the silting process is being carried on, or as permanent 
protection works as local conditions my meke desirable. 


- “ 
is 

Control of Torrential Floods’ from Arroyos on the West  _. 

In building the delivery cancel for supplying weter to the agricul- 
turel lends on the west side of the State Highway, it is specified thet 
the dirt removed shell be deposited as « levee or berrier on the upper 
Side.of the channel, The slope of the surface on which the barrier will 
be: pleced will provide # netural areinage for sny flood water thet may 
flow from the. reletively small drainage aress on the west. Ths longest 


of these dry arroyos ig cbout 7 miles in length and covers a drainage 
aren of 9 square niles. The mosaic ceriel mep of the aree which accon- 
panies this report indicates very clearly the neture of the watershed. 
Run-off from this erea does not occur very frequently, but there is «mple 
evidence of floods having come from each of the principal arroyos on the 
west. The west branch of the Elmendorf canal served as « temporary 
barrier from the floods which heve occurred since it was built; the 
deposit has been cerried up and over bank levels and hes filled the canal 
in many pleces. 


A portion of the area on the west side of the highwey is outlined 
as a catchment basin for torrenticl floods to prevent the damoge to agri- 
culturel end marsh lmnds which would follow if the floods ere permitted 
to flow unrestricted through the erea. The surplus water will be drawn 
off through the chennel provided clong the west margin cf the highway 
right-cf-way fence into the last unit of the project and from there into 
the river. However, if future experience indicates that cn appreciable 
emount of water may be secured from the western arroyos, it mey be wise 
to throw the water into some of the upstreem units. 


Ground Water Studies i ant 

In cooperation with the Bureau of Geologicel Survey observation 
wells were placed at intervals of one-quarter of « mile along each sec- 
tion line running east and west ecross the river velley. Observations 
of ground water levels indicate that the water-table stands <«1l the way 
from zero to 8 fect below the surface, the distance varying with the 
topography. This situetion is shown more cleerly on the profiles which 
accompany this report. The reletionship between the level of the river- 
bed and the corresponding soil: surface on cither side is also shown very 
clearly by these profiles. Present ground levels are indicated and the 
bottom of the excavation of each drein as proposed is indicated. Like - 
wise the weter levels which will ultimately be mcinteined within the limits 
of the open drain are shown. This together with the maps gives e pic- 
ture of the ultimate development and shows the feasibility of securing 
water by dreinege for miuinteining a limited acreage: of marsh. 


Evaporetion Losses 

From statistics shown in detail in the appendix to this report, 
it is observed that evaporetion from open water surface emounts to as 
much as 66 inches arnnuelly and that when transpiration from plants is 
added'it is probable-thatthe annual losses will amount to 68 or 69 
inches. . 


The heaviest losses occur during the period from May to August. 
In view of the fact thet many of the waterfowl which occupy the marshes 
in the winter months will migrate to the north in early spring and return 
in lete fall, it is not considered to be necessary that the marsh areas 
be meinteined et high water levels or even normal water levels during the 
summer, or the period vf highest weter loss by eveporetion and by trans- 


piration. As e matter of fact, it is contemplated that the exposed 
water surfaces within the drainage channels will be adequate for the birds 
which remsin during the summer months. Beceuse of this condition, it 


is estimated that the system of drains provided in the plans as outlined 
will furnish enough water for the development of ponded areas, exclusive 
of irrigation needs. - As .evaporztion and transpiration decreese, flooded 
areas will be increased in size end in depth of wter until there is ade- 
quate capacity for accommodating the migrant and winter resident water- 
fowl which arrive during the fall, winter, and early spring. 


Rll LE RUSS R OM ABs MLE 

The laws of New Mexico cre very explicit in the proviso that the 
owner of the land is entitled to the uss of the dreinege weter which 
he develops on his lend. This opinion hes. been verified by three cf 
the leading attorneys and judges to whom the metter was referred for 
consideration. ‘Because. of this specific provision of lew the right 
is claimed for developing the dreinage system as indicated. 


Time Required for Completion 


Se me ee ee ee 


The work outlined under. this plan, with the exception of clefring 
the lend and -placing it under cultivation, can be completed under con- 
trect within the period of one yecsr from the time work is ectually 
started. it is: estimated that approximetely' 50 per cent of the. agricul- 
tural area can be: put: into condition for use during the first. year; but’: 
it will require from two to four years additional time in which: to com-.: 
plete the process of: clearing unless « more expensive plen of procédure 
is adopted then the one outlined. : 


Ss 


o oe 
SUMMARY AND CONCLUSIONS 


The proposed Bosque del Apache project is confined to the river 
bottom lands, comprising a total volume of 14,000 acres. After exclud- 
ing certain isolated.tracts ani rights-of-way for highwey end reilroad, 
also an enlarged strip.on eithsr side of the river to provide « flood 
channel of emple capacity, aie area proposed for improvement is reduced 
to 8,272 acres, as follows 


PEG: PE SIs. + eal s,s ee es key oh eee 2,579 ecres 


Arca in egricupture1 crops 
-..ineluding food producing 
resses end cover .. .s «© + ©  ws,souu acLod 


TOTAL 8,272 ceres 


The area in question is situeted on one of the important western 
flyways between. north.and south cnd is required to replace the natural 
marsh aress clong the Rio Grande which heve been removed in the process 
of reclamation by. drainage end irrigstion development. 


Mila winters cre the rule rether then the excepticn, end no 
difficulty will be axperienced in providing an adequate supply of open 
water each and every day of the yecr, exccpt in the problem of securing 
the unquestioned right to its use. 


As « double precaution against the possibility of clusing the 
open weter ponds by an unusual spell of low temperatures, the plen of 
Gevelopment calls for the digging cf more than 51 miles cf open drain 
to. depths greeter then 5 feet. These will never freeze over even in 
the coldest wesether. | 


Plans cell for the planting sand cultivation of nearly 6,000 ceres 
of lend in the river bottom to grains, gresses, and other foods rnd the 
planting of cn aree of bench land, the area to be determined by the 
amount of water ellcwed under Filing No. 3. . A portion of these will 
be harvestec to furnish « feed reserve for this and other areas in the 
Southwest. Portions of the stubble cnd the unharvested subdivisicns 
in the river bottom are tu be flooded in the fall to supply the land 
with moisture fcr. the next season's crop and incidentelly to make the 
area attractive to scuth-bound migrations. It is fully expected that 
conditions made be mede sufficiently «<lluring so thet it will hola ae 
numbers cf the birds which would nurmel ly go farther south. 


PAS Ot Development and Operction 


Un account of the fact that the river-bed is fuur or more fest 
higher then land surfaces within the areas to be improved, it is necessary, 
first of ell to protect the lends by levees. To keep the river under con- 
trol snd prevent it from flooding beyond its banks is « matter of prime 
importence. 


im hare 


Next in order of importance mey be listed the necessity of develop- 
ing en adequate weter supply for meintenrence of a moderate amount of 
marsh together with the construction of dikes cnd control gstes for sub- 


Givision of the marsh. And third, the development of c considerable area 
of cultivated lands on the bench to supply food and cover on the higher 
ground, which calls for an adequate weter supply for irrigntion. The 


extent of the area to be determined by the-emount of water aveileble. 
In keeping with this outline of procedure, it is plenned to: 
(1) Construct a system of ‘levees on each side 
of the proposed two thousand foot river 
Channel fur the protection of the areas 
to be developed. 


(2) Provide for present and future protection of levees 


(3) Develop en: extensive system of dre 


pe 


ins 
(a) Te secure water for refugs purposes 


(b) To lower the water-teble under 
egriculturcl areas 


(ec): To ebtain. dirt for building dikes 
around the various units 


(4) Border dikes around units of the project have three 
important uses: 


(a) They provide a ready means of flooding 
the egriculturel lands.in preperation 
Tor pianting .cropsetor food. 


(bo) By providing e dike around all of the 
units a system of rotatiun may be 
worked out and epplied which will meke 
it possible to alternate the units 
which are held under weter in order tv 
dry cut other units and thus control 
the growth of cat-tails end cther 
undesirable morsh-.growth. 


(c) In clearing some of the heavily woded 
areas, it would be prohibitive in ex- 
pense to cut all of the timber with an 
ax; but, by flooding fur a few mcnths 
the timber end brush growth will be 
killed. Then, after the water is drained 
off, the dead trunks of trees and brush 
will rot at the ground line and can 
then be casily pushed over end burned. 


Si ae 


(5) The develupment of ah erea of bench lend to 
provids edditione.l feeding grounds for mi- 
grating weterfuwl and will also serve cs a 
refuge for uplend: game. 


Additional Notes on Water Filings 

Two filings on waters of the Ric Grande, one in the emount of 
97 cubic fect. per second, the other 286 cubic feet per second, are 
being acquired with the Grant. One cf these is one of the earliest 
of the river filings, standing .=s number two on the books of the State 
Engineer. The othe? titine te aisu Or nm oerey Taba 


Plans call for “the irrigr tion of" 6}00O" acres*oieriver botiom 
land, and such area cf bench lend as witer may be available for. Under 
the State law @ maximum cf 3 acre feet per acre per year is allcwable 
if the water is used beneficially. 


it is plenned to use’ about “L2;000 fere feot-cre wave Boer irri— 
eétion of the river bottom lends during. the pericd from September 1 
tc December 31, inclusive, and’ spread the cther 6,U00 acre feet cver 
) ) p , 


the balance of the year. Weter on the bench lends will be used in 
the most aavantageuus manner pcssible where it is aveilable. The 


State of New Mexico Cunserveticn Depertment is most anxious that pro- 
vision be made fur conservetion of uplend geme and © demenstration of 
mucern geme management in connection with grazing on the samo area. 


Bque iizing “Reservoirs 

Being at the luwer end of the Middle Rio Grande Conservency 
District, from which system it is planned to secure the water for 
irrigetion, a wide fluctuetion in volume uf delivery day by dey and 
week by week may be expected. To take care of this, the plans pro- 
vide for en equalizing and de-silting reservoir, from which a unifcrm 
stream of clear watér can be obtained fur irrigstion. 


River levees 


In crder to keep pece with the rising river-bed, a plen has been 
worked out for making the river builc its uwn levees after the first 
lines have been built. After this initicl expense, the annual 
increcse in height can be built principally by stream ection unter the 
guidance of the reguler meintenence personnel. 


General Notes 

The amount cf. development cutlined to be done’ ane the incidental 
costs are high of necessity, but when the importence of the lecatiun is 
taken intc account, and when it is considered that weter is the limiting 
factur in any refuge enterprise in the West, end that there are very few 
spots where water in enything like sufficient quantity is available, it 
sheas a different light upon the question. One is furced to’ the conclu- 
Sicn that it is bettor tu concentrate a reasoneble outley of funds upon 
& good project end develop it fully than to spreaa & similar amount over 
two or more ereas of lesser total value to waterfouwl.. , 
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Estimate of 
Proposed Improvement 
of 
BOSQUE DEL APACHE MIGRATORY WATERFOWL REFUGE 


at athe 
East of Senta Fe Railrvucd and west 
of Ric Grande: 
Levee and jetties 
“Earthwork . . . 552,800 cu. yds. 2 $0.08 $ 44,224.00 
ROCHE AM piece >. 11.200 % Pe OV OO Lt,.260.00 ° 
Dest) LEROE svi. <o cee OOU. rt. @ 0.10 2,280.00 
1,000 (PG. 0.30 5,000.00 
Interior dikes and drains 
Harthwork .. . 823,600 cus. yds. @ 0.08 65, 888.00 


Structures 
CHGS saws ie ce 2. whe ee OOO 
OPES UR soa ee A OOGOO 
Pleeing pipes and 
gates and build- 
ing headwalls, 
88 structures 
@ $30.00 each... 2,640.00 
Special structures 950.00 
rijet elbe O05 5 Ae en rey 8,504.00 


Clearing land for cultivation 
2,873 acres @ $30.00 per acre... 86,190.00 


Preperation of lend for irrigseticn 
2,873 ecres @ $5.00 per acre ... 14,365.00 


TOTAL $235,651.00 


Contingencies, engineering and 
cil alcpegepecalsy7 Wael Le ae ae awe Serve a a 7) eee _ 35,348.00 
TOTAL $270,999.00 


West of Santa Fe Railrcad: 


Interivur dikes and drains 
Barlowoclie 28 Low, OOO gigas: 


Structures 
Getes Mima. sa) « .8240:00 
Tipo TE Abe oes ss 489 . OU 
Speciel structures . 400.00 
Placing of pipe cand 
gates end building 
headwalls, lé 
structures © $30.00 360.00 
$1, 389.00 


Clearing jJend for cultivetion 
434 acres et no eost 


froveration of lena for irriection 
434 acres © $5.00 per acre 


Contingencies, enginescring end 
supervision, 1570 


Esst of Rio, Grande: 


Levee and jetties 
Barthwork .. . 005,400 cu. yds. 
Rock in plece 8,400 cu. yds. 


Prue Tented, « « « 20,400 Tt. 


Interior dikes 
Beart hwork Do, POU Cu. yas. 


Structures 

Eater ee ke es OSU 200 
i 12) A a ee ea &64. 00 
Placing pipe and getes 

end building head- 

wells, 17 structures 

BP eee. on ba ve nee) DLO, 00 

Spillways in plece .. 400.00 


Q 


® 


Val Verde Cenal intake 800.00 


—— ee 


$3,204.00 


$0.08 


- TOTAL 


0.07 


$ 12 0006.00 


1,389.00 


a LU. VO 
$15,559.00 


6954.00 
"$17,895.00 


20° 
two 


CO HS 


i 


432.00 
400.00 
2,640.00 


3,864.00 


3,204.00 


ge te 


East of Rio Grande (cuntimued): 


Cloaring lend for cultiv<:tion 
1,454.acres @ $30.00 per acre ..... $43,620.00 


Preparetion of lencé for irrigction 
1,454 acres @ $5.00 per acre ....- 7, 270500 


© meine ghee a wenrecicoee 


$93,430.00 
Contingencies, engineering and 
supervi Si on 9 15% e e . . e ys e . e . . e ° e 14,015.00 


TOTsaL $107,445.00 


Summery 
Eest of Santa Fe Railrvecd and | 
Waet OfetiorGTendG . . ss 6. 8 $270,999.00 


17,893.00 
107 , 445.00 


GRAND TOTAL $396 .337.00 


Fr.otogrephs 
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Photographs illustrate cunditions et Bosque del Apache in 1936 


No. 


No. 


2 


a Os 


Looking up river from point of land at south extremity of 
Unit 44, iv April 1936. View shows water backing up from 
river to bridge at "4 F". Sand bags four feet high re- 
quired to prevent river water from flowing back through 


bridge opening into Unit 44. 


Looking down river from same point of land as No. l. 
Looking toward dense Bosque on east side, Unit 48. 


No. 


No. 


ve) 


4 


ee i) 


View along east side of railroad levee about point 
OE Looking southeast, April 1936. 


interior of Unit 40 in April. 1956 


& BS 


No. 5 Looking northeast across Unit 4¢@ in April 1936 


No. 6 Similar position to No. 5 except looking up track, 
in May 1936, when river was up and Units 40, 41, 
and 43 were under water. 


dee 


No. 


No. 8 


7 


~ 25. on 


Conservancy District drain along east side of 
ay Se BN fay 1936. Examining inflos from 
marsh ani Bosque on west side o* drain. 


View near outlet of river side drain, May 1936, 
showing overflow caused by river backing up 
through mouth of drain, at a point about 1000 
feet north of outlet. 


Nos. 9 and 10 

Panorama of San Marcial from the river heights 
on the west. Note water tank in distance on No. 9. River 
runs along cottonwocd area beyond the railroad. The swamp 
in foreground is seepage and overflow water, occuping the 
streets of the old town. No outlet back to river for this 
water. It is rapidly growing into a solid cat-tail swamp. 
Remants of old town in foreground and on extreme right. 


te 


No. 


No. 


ee 


ae 


View in heart of old town of San Marcial 


View in heart of old town of Sean Marcial 


No. 


No. 


13 


14 


Another view in Sén Mercinal 


The "last stand in San Marcial. The old hotel 
is completely surrounded by water, April 1936. 


an 


Nos. 15 & 16 


Two views necr the point or diversion to Elmendorf 
eanal. Looking upstream toward Sen Antonio Bridge. Point of 


diversion is -on left extromity of No. 


Ai 


just beyond the bridge. 


- ieee 


Ogee Mappins under difficulties, with a plane table 


No. 18 Interior of Unit 4 in the edge of the dense timber 
(Bosque ) 


s femaee 
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No. 19 


No. 20 


29 | 


A portion of the Bosque. Northern part of Unit 4. 


Deep well, warm flowing water, southeast of center, 
Unit 37. 


a 


No. 2l One of the coves making up the 800 acres of river valley 
land.being excluded from east side portion of the pro- 
posed Migratory Waterfowl Refuge. 


No. 22 Intake to Val Verde canal on east side. Looking up- 
stream from a point near "42 J", 7 


PS 


No. 25 Kast bank of Rio Grande near north boundary of project, 
opposite south end of Unit 4. 


No. 24 River bank revetment on west bank of river, a short dis- 
tance above north boundary of Bosque del Apache, placed 
for protection of the Conservancy District's Canal and 
drain. 


No. 


No. 


20 


26 


AS 


Intake to San Antonito canal. The rising river bed 
has deflected the stream to the opposite bank and has 
built a huge sand-bar across the canal intake. These 
and numerous other laborers are endeayoring to shovel 
a ditch through the bar of quicksand. It is too boggy 
for horses and the men have to keep moving to avoid 
Sinking. 


This photo taken next morning after that shown above 
(No. 25). Note that the rising river has destroyed 
the previous day's work. Incidentally it required 
two weeks of hard labor before the task was completed. 


No. 27 Rio Grande from a point immediately ebove the intake of 
san Antonito Canal, looking across river towards San 
Antonio. 


No. 28 San Antonio bridge showing height to which silt has raised 
the river bed. When this picture was made, April 1936, 
there was no clearance beneath the cast half of the bridge. 
Old netives of the settlements state that when the bridge 
was built therc was a clearance of more then ten feot. 


ae: ee 


Estimate of Menthly Distribution of Irrigation 
Demand for Middle Riv Grande Cunservancy 
District Lands, Report cof 1928 


Jenuary Se @2eeag vd eee € te ee ee CF 6 6) 6 6 © 0% 
February oS) 2 SOE Oe ee Oe FS Oe Ce 2 CSS Oo eo a O% 


March eeoerereee ose eee eee eee oer ees oes e 3% 
April eoxseeveeerer oer eee oss eee ee eevee e 17% 
Mey eoereresveere eee eee eo er eevee tee eo @ 19% 


June oeeteeeteesnteesteeeeeeger5reeeeeeeer eee 19% 
SAL arn ehh Ge aa ees HM setse ae Ow Malsexl lore 
PT te peak aa ine eee siaee LOD 


ROD St eran siege ts Gwe oa ae eas wats 8 
Ceiebor: +...) (nM Ae ere ga 1% 
Rae ahs whi cre Gale de ate tan eee ae 
DeCGMbGR fo 56 faces we ald Sea saaiy a 24e vax Of 


Proposed System of Distribution of Irrigetion Water 
for the 


BOSQUE DEL APACHE PROJECT 


The proposed distributicn of use on the Refuge would be quite differ- 
ent from thet on Middle Rio Grande Conservancy District lands. The Biclogi- 
cal Survey would expect to use between 7,500 and 8,000 acre feet during the 
three summer months but the bulk of the weter would be used during the fall 
months. Thus a greater part of the volume would be applied during a 
period when evapceretion losses are not so high. 


Wore ha eo 
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Average Annual Precipitation at San Marciel, New Mexico 
. Elevation 4447 
U. S. Weather Bureau Summary of average monthly precipitation, in inches 
1858 te 1980 record 


Month ------------------------+--------+--------------------------- 0.33 
February ----------+------~---------------- +--+ - 0.354 
March ~--~-------------- ie ee i a a ee ee eee ee O 235 
jpril -----------~-----------+---~---~~-~-~.--~--~-~--+-----~-+---------+---- wISe 
Wey -----------+---------------------------~----+~+------------------- 0:38 
June ---------------------------------+---------~~------------------- OVo7 
July -----------------------------~-----------~--------------------- Ig62 
eugust ---~----- Bae a carat ae wees cen wn, ma es mea A Se E80 
September ---~----------------------------~---------------------+---- 1.44 
October ~-+-------------~----------------~----~--~--~------------------- 0.84 
November ----~----------~--------------------+---------------------- 0.91 
Decemben =—--~--.. a ted w/a om lair ao RS os owners ag 0.43 

eVvorage year Cale 


Minimum years, 1901 with 1.08 inches of precipitation, and 
1917 with 3.25 inches. 

Maximum years, 1859 with 24.58 inches of precipitation, and 
LIOS Withws1.79, inches: 


oP ie elo. teeta Sense 


annual Precipitetion at San Marcial and Socorro, New Mexico for the Period 
January 1931 to December 1935 inclusive 


_Precipitation, in inches 





Yeer San Marciel ~ Socorro 
193] --------~----------------- 11,30 ----~---------------------- LS7o0 
1938 ------------------------- 10.035 --~-~---~------------------- 10, 30 
1933 ------------+-------------- 7.69 ----------------~---------- 12.42 
1934 -----------~--------~---- 5.50 -------------------------- 6.79 
1935 ---------~---------------- 8008 penne ne nen nnn en nnn naan 12.14 

AVELTEELS 8.62 pS AE oN 


end for Socorro is 10.13 inches per annum. The record for the past five 
yeers indicetes that the region has hed about normal precipitation for this 
period. 


The normal precipitetion for Sen Marcial is 9.15 inches per annum 


Sen Marcicl is located five miles South of the South line of the 
Bosque del spache Grent end Socorro is located thirteen miles North of 
the North line of the Grant. 


Peal iy ave 


Average Meximum and Minimum Monthly Temperatures at Sen Marcial, 
New Mexico from U. S. Weather Bureau Summary, 1858-1930 





Month Temperatures 
Maximum Minimum 
Januery ------------------ ern 03.9 ------------------- Zosa 
February ------------------ re -en- 60.1 ------------------- Fale a. 
Merch ----~------------2------------- 69.0 ------------------- 33.8 
April ----------~----------- eee e- 77,0 =---------------- -~- 40.0 
[RYO ene ene eee 85.2 ------------------- 47.6 
June ------------------------------ 93.6 ------------------- 06.4 
July --------------4--2--------- oH 93.9 ------------------- 62.4 
august -------------- ane eeneeen 93.1 ------------------- oie 
September ------------ ween near e nn 86,0 ------+------------ 03.8 
October -----~-------------------- -- 76,4 ------+---------- -- 40.9 
November --------------~------------ 63.6 -------~------------ AS 
December ------ ween eee Sh Pe i eee ea cate ee ot oi ee LEAL 
average annucl Rowe 41.3 


The lowest recorded minimum is -9 


nspection of deily temperature records indicetes that there are generally 
from 90 to 10U days each year with minimum tempcratures below freezing but 
only on rere occesions do temperstures stcy below freezing for a full dey. 
The metter of ice conditions in the velleys of central and eastern New 
Mexico wes discussed with the U..S. Weather Bureau officiel observer at 
Roswell, N. M. He stated that although extremes of low temperatures were 
more common et Roswell then at Sen Merciel, ususlly the ice frozen at night 
on ponds end other still waters there, thaws completely before noon the next 
day. soils do not freeze sufficiently to interfere with plowing. Running 
streams do not freeze over end shallow ponds freeze only on-the rare occa- 
sions when freezing temperctures hold for severe1 deys on end. 


Other Climatologice1 Data affecting the Proposed Development 


Humidity in the vicinity of San Merciel and Socorro, New Mexico. 
Aversges 45% to 50% «nd sunshine 70% to 8U%. There is considerable wind 
during spring ond ecrly summer. The preveiling winds ere from the Souti- 


west. 


The lest killing frost in the spring may occur as early as March eilst 
or as Inte «s Mey 7th. The first killing frost in the fall may occur és 
early «s September 23rd or as late as October a2lst. The average growing 
ser.son lasts from 190 to 200 days. 


oe ee 


Avercee Monthly Discharge of the Rio Grende 
at Sen Merciel, New’ Mexico 
Pericd January 1931 to December 1934 inclusive 


Average monthly discharge Percentage of annual 
Jenuery --------- 719 sec. ft. -------------------------~--- 6% 
February =------- S66. 7? " i a Res al pk Ria Dip Se ao oy ee 740 
Neer ees a (0 Be Rae ee er aon das be cote ea ale cat 8% 


JUNE. === see e 7° 1 ga eng ph a eer gee 17% 
July ------------ B96" NRE RSet ee ee a ee et ot ee 7% 
sUgUSt ---------- oo Wo wee eee ee 5% 
September —-—-=--=- tee ata FR ee rene en ye reg oe 5% 
Octubsr --------- 5 ami 2d elas Sel dat rt pda fin raping tir apf je fia ya apg ve 
November -------- “3 aa WO wane en 7 --------~---------- By 
Decerber -------- bay " we ee eee - 5% 

averege 983°" " 100% 
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Totel Discharge of the Rio Grande at Sean Mercial, 
New Mexico 


Period January 1931 to December 1934 inclusive 
Loar Discharge in acre feet 


193] ~----------~-------~--~---~-----~~----------------- ---- 489,790 
19382 ---------------------- ween ee + --1,399,460 
195 ---------------------------------------- +--+ -------- 716,560 
1934 -~--------+---~-----------+----- +--+ --- --- == ----- __ 244,489 

Avereze 712,579 


The avernge ennue.l discharge for this four-year period is estimated 
to be npproximetcly 70% of a 30 year svernge annuc.l discharge that my be 
cnticipated under present conditions cn the Rio Grande. Between 50% end 
60% of the averege annual .discharge occurs in the period covered by April, 
Mey ond June. 


The minimum discharge of the Rio Grende measurcc at San Marcial has 
been ce low mes zero for S6°deye in 1931, end’ 7 cays im 19352; 1.6 second 
feet flow for one day in 1936; end zero for 78 ceys in 1934. These low 
disckerges occurréd in June, July, august, and September.’ 


The greetest recorded fluw ct the same station occurred September 24, 
1929 when the peck flow wes estimated to have been 47,000 secona feet. 
Records on discharge et Sen Merciecl- since 1895 cre aveileble. 


Eas 


Average Monthly Temperature, Precipitation and 
ivaporetion at EKlephant Butte Dam, from 
U. S. Weather Bureau 1930 Summary 


Temperature in degrees, precipitation and evaporation in inches. 


Month Average temperature Precipitation Evaporation 
January ---------- 40. 6----------------- 0. 26------------- 22739 
February--------- 45.4----------------- Q,.35------------- 4.315 
March--~---------- Ol.1l----------------- 0.41------------- (e0L9 
April------------ 08,.4----------------- 0.43--------~-~---- 10.300 
May-------------- 67 5 Bem en een 0, 56---~--------- 12, 903 
June------------- 76. 6-------------~---- 0. 70------------— 14,038 
July-~-----~------ 78.7 --me------------- 2,04------------- 11.897 
August----------- 77 6 en --- = - ------ = Ry O0-~---------- = 10.374 
September~--~-~--- D1 Gee mm ne 1,40------~------ Svar 
Octo ber-~-------- 60, 4----------~------- ON ee ee 7.209 
November--~------ 48 , Gn----~----------- 0.47------~------- 3.910 
De cember--~------ 39.4-----------------= 0, 09—------------— Beto 
Average annual 59.6 £0.08 765 709 


The Elephant Butte Dam is located 60 miles South of the Bosque del 
Apache Grant and the weather station had an elevation of 4,265 feet above 
mean sea level. The length of the temperature record given above is 33 
years, the precipitation record 42 years and the evaporation record 14 
years. 


The year of maximum evaporation is 113% of the average. The 
month of maximum evaporation (June) is 121% of the average June. 
Evaporation records are from a Weather Bureau stendard land pan. 


Table of approximate Quantities Used in Determining 
SIZE OF GATES AND CULVERTS 
at Inlets and Outlets of the Units and in Handling and Controlling 
Drainage Water 


: For a velocity of #0 : For a velocity of 10 


H cubic feet per Second ; cubic feet per second 


Diame=:; . :Required: skequired 
Gor. Area ; Velocity ; Head ; Velocity >: Head 
12" 30.7854 sq.ft.:25.47 ft.per sec.:20.28 ft.312.74 ft.per sec.:5.0 ft. 
18" pit MD " " ge Ma Sh " 1"? w $ 4.0 " : 5.66 wv v w Pe A A 
eT 8 LALO Ue eee aa 4 Oo eS ul gy | PS reas ha ae mf Melee 

0.5 "+: 2.04" ” Pr spe Os eee 


BON 246 GOB? Be Tiga OM cna eM oe 
; : : : : 


= i) 


PROBABLE AVERAGE YEARLY WATER CONSUMPTION IN THE 
BUSQUE DEL APACHE UNDER VARIOUS CONDITIONS 


Taking the ratio of evaporation as recorded by the United States 
Weather Buresu standard land pan to that of the evaporation from a 
free water surface as 1.457.to 1.0, the average monthly evaporation 
from free water surfaces on the Refuge as determined from the Elephant 
Butte records is as follows: 


“Month Evaporation Precipitation Net Loss 


in inches in inches in inches 


aay oe, VS) ren OC a) beet dec 4) a Ue OO 6. oe abso 
WA guiss Beeeiia Pcie SE eis Meitle eee lee lia hi Bebe 
Pesiee oo elias tO st ths  « @ Uso smewerre, 4005 
Ber ee ale el Ie) betes se o- UsOodamenuel Loe 10 
Nie vio ae carat cg Ope weh el eh 6s gs, UwoC: ‘en a @er abo eno 
Preis ite els DO) smetied Mint ceoeotieUees en 9208 
RPE em ey it ithe eg SCR 6-6 < cae OLOD 
Sins ee ce) loloie: “a a: Biv heDUuetge Gege § we 
OU Nolte ke es wee) reo ts 0: @ Leek 6. 6 ee, “eeDd 
CL pisses stirs DO Fal -eied ep euvett Oseevetete eobrte ls 
OM SEs tate Mthya Ci E6) haute ([c6) sicher (ie: lege te eee e 
Meee te is) af elm a 6 he. oe et etek ce 5 Suelo s 
Yearly .average 66.39 So ee) o7. 26 
or 4.77 feet 


Evaporation and transpiration losses from lands with high ground 
water and covered with heevy growth of willows, cottonwoods, cat—tail, 
and marsh grasses during the growing season equals, and during part 
of the time exceeds, the evaporation from a free water surface. 


.- Assuming dn average of these areas, the losses will vary through- 
out the year approximately as follows: 


Month Evaporation and Precipitation Net Loss 
Transpircetion in inches in inches 
in inches 


eae tbcd ete A nea Shs (enis ee Ow ivetven steer (OeGd 
ie is aretha yi Gh Pa Oi tentny ie del te Hele at veper ial red eh ix de® 
Set Mes oateeie ccs Gil hae Hai te? sees OD Meno els. eagtieess 
ei Di. alvalts MEIOGLD o latte rel tourer Oerten tal ty Jol fey eien0 ttt 
Mose bi sintemeer ta tere eee! Be wes ood BOs 0b: sists go cer Soke 
TRS. eure tel a ln itad: cee te cave OeDitetel yo take ie! Be 64 
Leyte givcads ile iiss tet ehts cot re Bouelte feiss D089 
ii tadet eee Ct leila) eatery tt CBO Wey o) shed OeOL 
ane. Peete nie egted one hykeeeied oe ihey aie? 400 
ie me cece iene dati Maui | OA ne iliteiie > weds 
Doivics tat Go. sa! alee © Sepmees aes et oyte erie Be 
Pee ee ge a a! se: pt | ete bi Je oe) a et SDSS 


Yearly average 56.87 9413 47,74 
or 5.98 feet 


TAT se 


Swamp arenas with water covering surface and existing sloughs 
with large amount of aquatic growth such as cat-tails and swamp reeds 
and grasses will probably evaporate and transpire es high as 90.05 
inches per year and the net loss will be 80.92 inches or 6.74 fcet. 


Water Consumption Under Existing Conditions of 3,160 Acres Within 
Limits of Proposed Protection Levee on West Side of Rio Grande in 


Te tee 2 ee ee ee 


the Bosque del Apache. 


500 acres of sloughs at 6.74 sce ft. per acre = 1,922 ac. ft. 
240 acres of swamp with. 4 2 he 
surface water at-6.74 ac. ft. per acre = _ 1,818 ac. ft. 
2,620 acres of heavy growth: | 6 WR ee 
of willows, cottonwoods, -- 
or marsh grasses or. : os a tl 
_combination.' at 3.98-ac. ft. per acre: = 10;4e7-ac. ft. 





5,160 BGTCS a amen ste 0 ae Ms Toi ee Hg: ie tee Mar ve Po egGY ACe Cts 


Water Consumption Under Proposed Conditions of 3,160 Acres Within 


ee ee en en ee nen te RR RE A NR EE SS RR EE EF Ra RS 


the Bosque Del Apache, ‘ 


100 acres of open drains at 4.77 ac. ft. per acre = 477 ac. ft. 
440 acres of permanent 
ponds at 4.77 ace 1te per acre =.2,099 aq, fu. 
1,620 acres of ponds 
floodéd for Ve 
months each year at’ 4.77 “ae. ft. per acre’ = Versace, 1 vs 
1,000 acres of ponds 
flooded for 4 





months each year at 1.25 ac. ft. per acre = 1,250 ac. ft. 
5,160 acres ° s e ° e e . ° e e e e e e e e e e * 11,953 aCe te 


Of the lowlands on the west side of the Rio Grande, 2,600 acres 
are to remain in their original condition, 3,500 acres are to be culti- 
vated, 100 acres are to be taken up with open drains, and 2,060 acres 
are to be flooded throughout the year. There will be little or no 
change in the water consumption of the -acreage that will remain in its 
original condition. The agricultural land will be taken -:care of by 
the water right: and will furnish considerable return flow, as part of 
these lands now have -a high ground water level and irrigation net 
requirements will be but little more than present losses,: The 1,000 
acres Of cultivated land that are to be flooded for 4 months of the 
year will require but a part of: the water that is now lost each year 
through transpiration and evaporation from an equivelent area, The 
proposed flooding or ponding development will thus require less water 
than is now consumed on an equivalent arege: * 


a te aes 


Extent of Proposed Permanent Open Drains, Water Developed, 
and Extent of Ponding Requirements 


Extent of Proposed Permanent Open Drains 


; Miles 
Between the Railroad and the 

eT MUG! alike ek 4) ae 54.1 
WEEweOL Water ORO. van ut ©. + 4-8. esl. 
Raw On ie no: Gree, 5 6 + :3 6 4.8 


Reto eile | Sell cia oe 8] 


The interior drains of the Socorro area develop from 14 to 3 
second feet per mile varying with the seasons. It is reasonable to 
assume that the proposed drains in the Bosque del Apache will average 
about 6/10 second feet per mile of drains as a minimum. These drains 
will be relatively close together, will not have available the 
equivalent of a heavily irrigated tributary area, and for these 
reasons will not average nearly as high a discharge per mile as 
those in the Socorro area. 


The proposed drains will thus furnish 3O cubic feet per second 


of drainage water which will be available for ponding. Thirty second 
feet are equivalent to 1,800 acre feet each month. 


Water Used per Acre and per 1,000 sAecres 


Month Net Use 
Depth 
in inches in acre feet 
per acre per 1,000 acres 


fc eee Taner, eee ae ae Ae eG 
habe eee ., a eee Once mer See Fw (BRD 
Re aero Sree eit, Lye tele s gi KUED ge se ge a py ERD 
ie ee ole fee) ews ee evi ge ere OSE Aye! re de ea, cee 
CV os ay BRU Oe SES SUG AU GIN ACAI eee Vcd 6 te mr aig 2 C8) 
Beer eas tee Eere mde tale oa ie ied) 4 1G: fet al iey es 8 8. a OR 
OEE OI RT Sd AEA ST AR RO etna (nO 38 
Pe eMPLGLa ie, Coleqiane 8) vim et inline ot lee ce ee a ve eo, le eR) 
Ce es ee eae eel eels Me CO ves ea) vey chile Ate 
ee er eee eee aOR I Sg gs ves we 4) oA 
ee ee Nar idibe chilies mi TYCO cial at im ob OO 
ny pel, ORS ETOID PSS SRST Rae, AUSSI 0; AAR @ mS Anan ga OS 

57.26 4.77 4,770 








Bighteen hundred acre feet will scarcely meet the requirements 
of 2,379 acres of ponds for the month of maximum evaporation (June) 
in the average year, and in dry years the ponds may be materially 
depleted during the summer. During other months, September, for ex- 
ample, the requirements of existing ponds will be less per dere, but 
sufficient drainage water may not be available for rapidly flooding 
cultivated areas in preparetion for the fall migration, 


ee eee 


Areas in-Units East of Rio Grande 





Unit Water over Water under Natural Cultivated 
2 ft. deep oS tbe. cecr ground ground 
45 bss ti ‘be DO 
46 SE ; 250 
47 345 
48-h . a 29 
48-B 39 uaa ao 
49—A | 218 
4.9-—B 155 
50-44 . 294 
50-B Lo? 
514, 96 eel, 
S1-B Le 67 
3g 279 363 1,454 
Total area in Units East of Rio Grande 2,135 Acres 


Areas in Units West of State Highway 





‘Unit Water over Water under Natural Cultivated 
2 {t. deep 2 ft. deep ground ground 
L . & 4 r, 
11-A ; Ty) 169 
11-B a tea At) 86 
el i py ore . hee ' 60 
29 abe re ee ae = US eae 
36 arte eh 12 
39 ae ty 4 Mel i. A Oe 
42 + ee Be 1 En he RS 3° me 
Ek Le 20 6 
50 (263 81 434 


Total area in Units West of State Highway | 828 Acres 


4 


¥en 


Areas in Units West of Rio Grande 
and Bust of A. T. & BS. F. R. Re 


Areas in Acres 


Unit Water over Water less Natural Cultivated 
2f£t. deep & ft. deep ground ground 
Bm 45 
2~B 58 
3 56 24 
4. 129 64 30 
9) 63 
6 53 56 16 
7A ra 62 21 
7-B 61 
8 LOZ 
9 125 
10 86 
12-4 ah ha 146 
12-B 24 £8 f 4 
13 16 380 
14-A & 14=-B 2 146 69 
io 6 65 ol 
16 | 153 
‘a 90 
18 oO” 
i9 24 96 
20 3 La 243 
2a 40 28 
295 £0 126 40 
L4—/, 10 84 64 
24—b5 96 
20 498 
eG é, 35 
27-A & 27HB 6 228 
2a 0. 10 Lo . 15 
30 10 oon 


cr ce ee 





Carry fwd. 413 834 414 2,526 


ae hone 


ssa Water over Water less Natural ° 
2ft<s deep' 2 ft. deep ground 
Brot fwd. 413 B34 ; 414 
oO. ' oto ey 
- oe 47 ne 
‘ SG 6 
34 2S 
OO 98 28 
“oils 8 
38 66 24 
40 16 56 hep 
4l 40 47 bbs: 
43 ing! 63 36 
Total 482 1,266 688 


Cultivated 


ground 

2,926 
170 
122 
rie 


93 


47 


2,873 


Total area in Units West of Rio Grande and East of 


Ae Ts. & a as Re fi. 


Total all Units 
FO KOK IK AK KKK aK 2K ak 2k 2k 


Surmaries of Areas 


Location Water over Water less Natural 
2ft. deep & feet deep ground 








Between RR 
and River 482 1,266 688 
West of RR 50 263 81 
Bast of River 39 279 relate’ 
Sub totals S71 1,808 Oe lemes 
aa 
2,079 


Total farming area 
Total marsh area 
Grand total within area of development 


5,309 Acres 


8,272 Acres 


Cultivated 
ground 


2,873 


434 
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Summary Showing Classification of Agricultural Lands According to 


Vegetative Cuver, With Kinds and amount of Timber in the Area Be- 


tween the Railroad and the River. 


DEL PCOS elite oelihe Verne ve fe Nene hatte dese! [oie ce is 
Salt grass and scattered tornillo, cotton- 
wood, and willow less than 10 to the acre . . 
Salt grass and tornillo, cottonwood, and 
Willow from 10 to 700 to the acres « « « « « 
TOrEIE Os) eer Oo TOGO GOTO iy Ga ves <8 is 


TOGOHS ve Fe tess 


144.0 


355.0 


720.0 


1,170.0 acres 


£,089,0 acres 


The above summary is taken from an estimate which is noted on 
a blue print of the area in question. This is available for detailed 
study by those who may wish to obtain further information. 


Tuis classification included only lands intended to be clear- 


ed for agricultural development. 
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